Calmodulin-regulated phosphatase activity was measured in the brain of 2-month-old rats born from hypothyroid and normal dams, using a fluorometric enzyme assay developed for this purpose. Calmodulin content was measured in the same brain regions by radioimmunoassay. Significant differences between groups in weight and protein content, basal phosphatase and calmodulin-regulated phosphatase activity were found. The brain region most affected was the cerebellum, where basal and calmodulin-regulated phosphatase activities, and protein content were increased. The data point towards a lasting effect of maternal hypothyroxinaemia on the brain function of the progeny.
INTRODUCTION
Thyroid hormones are essential for proper brain development during late fetal and early adult life (Eayrs, 1961; Nunez, 1984) , and yet the initial stages of neural tissue development take place before the fetus develops a thyroid gland of its own. This has been interpreted as meaning that the nervous system does not require thyroid hormones at this early stage (Hamburgh, Lynn & Weiss, 1964) . Nevertheless, direct transfer of thyroxine from the maternal system to the fetus does take place in early pregnancy (Sinha, Woods & Ekins, 1983; Woods, Sinha & Ekins, 1984;  Devaskar, Devaskar, Sadiq & Chechami, 1986) , thy¬ roid hormones have been extracted from fetal tissue before the onset of fetal thyroid function (Obregón, Mallol, Pastor et al. 1986) , and thyroid hormones of maternal origin have been detected in the fetal brain (Morreale de Escobar, Escobar del Rey ).
Hypothyroxinaemia in clinically euthyroid and eumetabolic pregnant women in iodine-deficient areas has been correlated with increased incidence of neuro¬ logical cretinism. The severity of the symptoms have been shown to correlate with the maternal levels of thyroxine, but not of tri-iodothyronine (Connolly, 1986) (Connolly, 1986 ).
CaM-Pase assay
The CaM-Pase assay was carried out as described pre¬ viously (Ruiz de Elvira, Sinha & Ekins, 1988) . Briefly, the assay mixture contained either 60 nmol CaM/1 (Sigma Chemical Co., Poole, Dorset, U.K.) or the equivalent volume in assay buffer, 10 pmol 4-methylumbelliferyl phosphate/1 (Sigma Chemical Co.) and 40 pi of the sample diluted to give 10 pg protein per tube in a total assay volume of 100 pi. The reaction was allowed to proceed for 5 min at room temperature and was stopped by the addition of 2 ml 0-2 mol NaOH-glycine/1 (pH 10-4). Readings were taken using a fluorimeter at 361 nm excitation and 444 nm emission wavelengths. All samples were assayed in duplicate, at pH 40 (50mmol citrate/1), 7-0 (50mmol Tris-HCl/1) and 8-8 (50 mmol Tris-HCl/1). The intraassay coefficient of variation was less than 4%.
CaM measurement
CaM was measured using a commercial doubleantibody radioimmunoassay kit purchased from Amersham International pic (Amersham, Bucks, U.K.). The kit instructions were followed carefully, the only difference in our protocol being that the initial homogenization was performed in 50 mmol citrate/1 buffer (pH 5-0), and that the homogenates were stored frozen before the assay. This change in the protocol did not affect the reliability of the procedure.
Determination of hormone serum levels
Blood from the control and thyroidectomized dams after the lactation period, and from their respective progenies at the time of death, was collected into heparinized tubes by venepuncture. The plasma was spun at 2600 j? for 10 min and the serum separated and frozen until assayed by solid-phase radio¬ immunoassay.
Protein determination
Protein content of the tissue homogenates and cyto¬ solic fractions were measured by the dye-binding method (Bradford, 1976 
RESULTS
The progeny of thyroidectomized rats differed from the progeny of normal animals. The wet weight of the brain was diminished in the progeny of thyroid¬ ectomized rats. The weight of the diencephalon was significantly lower in the progeny from the thyroid¬ ectomized than from the normal rats (Table 1 ). Pro¬ tein content was similar between both progenies, but significant differences were found for cerebellum, where progeny from thyroidectomized dams had a higher protein content than those from normal dams (Table 1 ). Significant differences were also found in the ratio of cytosolic to total proteins, which were significantly lower for diencephalon in the progeny of thyroidectomized dams (Table 1) . No interactions between sex, anatomical region and maternal status were found, nor were there any sex-dependent differences. (Fig. 1) . For all other regions, the activities were similar in both groups of animals ( Rey, 1985) . The most interesting differences, however, were those found for CaM-Pase, which indicate long-term effects of maternal hypothyroxinaemia on the bio¬ chemistry of the progeny's brain. Most significant differences between the progeny of normal dams and the progeny of hypothyroid dams were found for the cerebellum. We observed that the total protein con¬ tent, CaM-Pase activity and even CaM content (the last one not significant) are increased in the cerebel¬ lum of the 2-month-old progeny of thyroidectomized dams. The cerebellum is the last region of the brain to develop and, in the rat, its development takes place after birth. It appears then that the differences between both progenies were more obvious in the region which had most recently undergone its major growth and differentiation. This may indicate that maternal hypothyroidism has a general delaying effect on fetal development. This being so, it is possible that at 2 months of age the progeny of these dams is still undergoing some degree of cerebellar differentiation, requiring a higher amount of CaM-Pase, while the progeny of the normal dams has already completed its major cerebellar differentiation. If this were so, we would expect that, at some period, the differences between both progenies would disappear as the thyroidectomized dam progeny catches up with the normal animals.
Significant differences are also found in other regions of the brain, more specifically in the dience¬ phalon. These differences are not so easily related to a general developmental delay. They could be due to a specific effect on what has been called the 'iodothyro¬ nine system' (Crutchfield, Dratman, Greenberg et al. 1985) . Maternal hypothyroxinaemia may in fact have very specific effects on certain systems, affecting some brain regions more than others and in different ways. These effects may last all through adult life giving rise to differences in behaviour or capacity (Man, Jones, Holden & Mellits, 1971 (Connolly, 1986) , similar to our experimental progeny.
We postulate that maternal hypothyroxinaemia may affect fetal brain development in two ways; first, a developmental delay in which growth and neuronal differentiation at the early stages of brain develop¬ ment is slowed down due to absence of thyroid hor¬ mones and secondly, permanent damage caused to systems that are specifically affected by thyroid hormones, or that require it at this early stage.
